Background. Improvement of exertional dyspnea occurs immediately after percutaneous transvenous mitral commissurotomy (PTMC), but the pathophysiological basis for this early symptomatic improvement has not been elucidated.
Methods and Results. Exercise hemodynamic measurement and exercise ventilatory measurement with arterial blood gas analysis were performed in 21 patients aged 50.4+9.5 years (mean±SD) with symptomatic mitral stenosis before and a few days after PTMC. Exercise ventilatory measurement were also performed in 14 normal control subjects aged 48.9±4.9 years. After PTMC, mitral valve area increased (from 1.0±03 to 1.7±03 cm2, P<.001), mean mitral gradient (from 12.2±5.2 to 5.2±2.2 mm Hg, P<.001), and mean left atrial pressure (from 18.7±6.1 to 12.1±4.0 mm Hg, P<.001) decreased. All patients experienced significant symptomatic improvement soon after PTMC. Comparison of hemodynamic parameters at the same ergometer work rate showed a significant decrease in pulmonary artery systolic pressure (from 77±_18 to 67±+14 mm Hg, P<.001) and diastolic pressure (from 36±10 to 28±7 mm Hg, P<.001) and a significant increase in cardiac output (from 6.4±1.4 to 8.1± 1.9 L/min, P<.001). Despite the improvement in exercise hemodynamics and symptoms, exercise capacity determined by peak oxygen uptake (from 18.0+2.9 to 18.6+3.1 mL-kg`min-') and anaerobic threshold (from 11.7±2.4 to 12.0±2.4 mL* kg`min-1) remained unchanged. Excessive exercise ventilation, as assessed by the slope of the regression line between expired minute ventilation and carbon dioxide output, decreased significantly from 37.2±6.7 to 33.9±5.8 (P<.001), but remained significantly higher than that in the normal subjects (27.9±3.6, P<.01). The ratio of total dead space to tidal volume and total dead space per breath during exercise decreased significantly after PTMC (P<.05). The change in excessive exercise ventilation after PTMC was correlated with the change in dead space to tidal volume ratio (r=.59).
Conclusions. Significant relief of exertional dyspnea immediately after PTMC is not accompanied by an improvement in exercise capacity. A decrease in excessive exercise ventilation due to a decrease in physiological dead space resulting from hemodynamic improvement partly contributes to the early relief of symptoms after PTMC. However, lung compliance, which was not measured in the present study, may (Table 2 ). Peak Vo2 in the normal control subjects (27.1±4.1 mL* kg-' * min1) was significantly higher than that in the patients (P<.01). Anaerobic threshold could be determined in 20 of the 21 patients and in all of the control subjects. In 12 patients and all 14 controls, anaerobic threshold was determined by the V-slope method. In the other 8 patients, anaerobic threshold was determined by the conventional method because anaerobic threshold occurred within the first 1 minute after starting incremental exercise. As with peak Vo2, anaerobic threshold did not improve after PTMC (from 11.7+2.4 to 12.0±2.4 mL. kg.* min1), and anaerobic threshold of the control subjects (16.5 +2.4 mL-kg`* minif) was (Fig 1) . Respirations during exercise tended to decrease after P1MC but not to a statistically significant extent (Fig 2) . Tidal volume during the exercise test was nearly identical at a comparable work rate before and after PTMC (Fig 2) . VD/VT decreased significantly after PTMC (P<.05) and total dead space per breath also decreased significantly (P<.05) (Fig 3) . Mini (Fig 5) . Arterial Po2 and Pco2 were nearly identical throughout the exercise period before and after PTMC (Fig 6) . P(a-ET)C02, which was positive before exercise and became increasingly negative with exercise, decreased significantly after PTMC (P<.05) (Fig 7) . These results indicate that the decrease in excessive exercise ventilation after P1MC was mainly due to a reduction in physiological dead space during exercise. Discussion The present study suggested that the significant relief of exertional dyspnea immediately after P1TMC may be associated with a decrease in excessive exercise ventilation resulting from improved exercise hemodynamics rather than being related to exercise capacity, which showed little change in the early period following PTMC.
Excessive exercise ventilation and rapid shallow breathing during exercise are common in patients with severe mitral stenosis, and studies have shown that these abnormalities are improved after surgical commissurotomy.29,30 However, these studies were performed in the late phase following thoracotomy, and exercise capacity had also increased by this time. Therefore, the acute effect of commissurotomy on the exercise ventilatory response has not been shown previously. 1 to 2 weeks after PTMC and showed no further change at 3 months in most cases. They showed that exercise capacity as assessed by treadmill exercise time was significantly increased 3 months after PTMC, but they did not measure it in the early post-PTMC phase.8 The significant increase in cardiac output and significant decrease in pulmonary artery pressure that were noted at rest and during exercise after PTMC have been regarded as the physiological explanation of the improvement in symptoms. 7 cause of the reduction in exertional dyspnea in the early period following PTMC. Excessive exercise ventilation in patients with chronic heart failure is caused mainly by an increase in physiological dead space,"-'4 and the magnitude of this ventilatory abnormality appears to be related to the severity of exercise intolerance and exertional dyspnea.'3,14 During exercise, VE increases with Vco2 so as to keep arterial Pco2 relatively constant. 21, 22 Therefore, the slope of the regression line between VE and Vco2 (VE-VCo2) has been used to assess the excessive ventilatory response to exercise.14-'6 However, few studies have shown that the relief of exertional dyspnea is directly related to a reduction in excessive exercise ventilation. The present study demonstrated that excessive exercise ventilation assessed by VE-VCO2 improved significantly within a few days after PTMC, in close relation to the symptomatic improvement. In contrast to our results, Marzo et a14' reported in a preliminary report that not only exercise capacity but also excessive ventilation remained unchanged 48 hours after PTMC. The inconsistent results may be due to the marked difference in the functional state of the subjects, because exercise capacity in their subjects (peak Vo2, 10 .2±4.7 mL * kg`. min-1) was much lower than that in our subjects (peak Vo2, 18 .0±2.9 mL-kg`. min-').
Organic lung change, which is liable to occur in more severe mitral stenosis, may be a factor. We showed that the change in VE-VCO2 was significantly correlated with the change in minimal VD/VT. Total dead space per breath during exercise significantly decreased, which primarily reflects the decrease in physiological dead space, but breathing pattern did not change significantly after PTMC. Therefore, the decrease in excessive exercise ventilation was mainly caused by the reduction in physiological dead space rather than by the decreased use of anatomic dead space. The increases in VE-VCO2 and physiological dead space that occur in severe heart failure imply a greater ventilation-perfusion mismatch. ' 
